INTRODUCTION
============

Colorectal neoplasms have become a worldwide concern \[[@B1]\]. Colorectal cancer (CRC) is one of the most common malignancies in the developed world, such as North America \[[@B2]\] and Europe \[[@B3]\], and the incidence of CRC appears to be increasing in East Asian countries, including Korea \[[@B4][@B5]\]. Colorectal polyps, especially the adenomatous type, are reputed to be precancerous lesions that might develop into CRC, i.e., an adenoma-carcinoma sequence \[[@B6][@B7][@B8]\]. Furthermore, the removal and/or prevention of these lesions was shown to be able to reduce the incidence of CRC \[[@B9][@B10]\].

Tobacco smoke contains approximately 4,000 toxic chemicals, including oxidative gases, heavy metals, cyanide, and at least 50 carcinogens \[[@B11]\]. Environmental tobacco smoke (ETS), i.e., secondhand smoke or passive smoking, is defined as tobacco smoke produced by an active smoker both from the exhalation of smoked tobacco and from the burning end of the cigarette that is inhaled by the other person \[[@B12]\]. Active smoking is one of the risk factors for developing CRC. Previous studies have shown that it is associated with colorectal adenomas (CRAs), which are premalignant lesions of CRC \[[@B13][@B14][@B15][@B16][@B17][@B18]\]. However, few studies regarding exposure to ETS (passive smoking) and the risk for developing CRC have been performed \[[@B19][@B20]\]. Furthermore, to the best of our knowledge through an extensive literature review, no study has investigated the effect of exposure to ETS on the risk for developing a CRA. Therefore, the aim of the study was to evaluate the relationship between exposure to ETS in the workplace and the risk for developing a CRA.

METHODS
=======

Study population
----------------

One thousand five hundred eighty-six (1,586) Koreans older than 20 years of age who had a first-time diagnosis of a CRA during colonoscopy at the Health Promotion Center, Wonkwang University Hospital, Gunpo, South Korea, from January 2012 to December 2012 were eligible for this study, and their case files and were reviewed for inclusion in this study. Among the initial 1,586 subjects, 457 were excluded for the following reasons: (1) missing data on the medical records; (2) incomplete colonoscopic examination due to inadequate bowel cleansing; (3) previous history of malignancy or inflammatory bowel disease; (4) underlying diseases such as diabetes mellitus, cardiovascular and cerebrovascular disease, chronic renal failure, and hepatobiliary diseases; (5) presence of an obstructive lesion, such as CRC, in the large intestine; (6) family history of CRC in first-degree relatives; and (7) use of medications such as nonsteroidal anti-inflammatory drugs (NSAIDs), aspirin, exogenous hormone replacement therapy (HRT) in women, and vitamin D. As a result, a total of 1,129 subjects were included for the final analyses. A flow diagram of the analyses is shown in [Fig. 1](#F1){ref-type="fig"}. This study was approved by the Institutional Review Board, Wonkwang University College of Medicine, Gunpo, South Korea (7302-201422).

Data collection
---------------

The heights and body weights of participants were measured while they were wearing light clothing without shoes. The body mass index (BMI) was calculated as the weight divided by height squared (kg/m^2^). Data on alcohol consumption, exercise, and cigarette smoking on all included subjects were collected by using a self-administered questionnaire. The alcohol consumption of the subjects was calculated and then converted to weekly alcohol consumption (g/wk, grams of ethanol per week) by using the graduated frequency method \[[@B21]\]. Exercise was also calculated and then converted to the metabolic equivalent of task hours per week \[[@B22]\]. Smoking status was divided into three categories (never a smoker vs. former smoker vs. current smoker). The detailed information regarding cigarette smoking habits was collected as follows: (1) cumulative smoking amount (\<10 pack-year, 10 to \<20 pack-year, ≥20 pack-year); (2) cigarettes smoked per day (\<1 pack, ≥1 pack); (3) duration of smoking (\<20 years, ≥20 years); (4) duration since smoking cessation in ex-smoker (\<10 years, 10 to \<20 years, ≥20 years); (5) time of daily exposure to ETS in the workplace (never exposed, \<1 hour, ≥1 hour) \[[@B23]\]. Overnight-fasting blood samples were drawn from the antecubital area. White blood cell (WBC) count, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (γ-GT), total cholesterol, triglycerides (TGs), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol, and glycated hemoglobin (HbA1c) were measured by using automatic analyzers: K-4500 (TOA Medical Electronics, Kobe, Japan) for WBC count; TBA-200FR (Toshiba Medical Systems Co. Ltd., Tokyo, Japan) for AST, ALT, γ-GT, and lipid panel; ADAMS HA-8180 (Arkray Inc., Tokyo, Japan) for HbA1c.

All colorectal polyps detected during colonoscopy were confirmed by using a histopathological evaluation of the retrieved lesions. Subjects with an adenomatous polyp were classified according to (1) number (single vs. multiple); (2) size \[small (\<1 cm) vs. large (≥1 cm)\]; (3) anatomical location (right-sided, left-sided, both-sided); (4) histologic type (tubular, tubulovillous, villous). Right-sided colon was defined as the cecum, and the ascending and transverse colon; left-sided colon was defined as the descending and sigmoid colon, and the rectum. Cases with both right and left CRAs were assigned as both-sided.

Statistical analysis
--------------------

All continuous variables are expressed as means ± standard deviations whereas categorical variables are presented as numbers and percentages. The characteristics of the study subjects were compared by using the independent t-test for continuous variables and the chi-square tests for categorical variables, as appropriate. We conducted multivariable logistic regression analyses to examine whether exposure to ETS in the workplace was significantly associated with the occurrence of a CRA. The odds ratios (ORs) with 95% confidential intervals (CIs) were estimated for ETS exposures less than 1 hour and for ETS exposures greater than or equal to 1 hour, with the category of never having been exposed to ETS as the reference. For controlling confounders, adjusted models were applied: model 1 (age/sex) and model 2 (model 1 plus BMI/alcohol consumption/physical activity/total smoking amount/HbA1c/TG/HDL). We also performed subgroup analyses according to smoking status. Tests for linear trends (P for trend) were conducted by entering the categorical variable (ETS exposure time) into the regression models as an ordinal term. All statistical analyses were performed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). A P-value less than 0.05 was considered statistically significant.

RESULTS
=======

Baseline and adenoma characteristics of study subjects
------------------------------------------------------

Histopathologic analyses of the 1,129 subjects included 300 subjects in the adenoma group and 829 in the nonadenoma group. The baseline characteristics of all subjects and both groups are summarized in [Table 1](#T1){ref-type="table"}. The subjects in the adenoma group were older (P \< 0.001), male-dominant (P \< 0.001), and relatively overweight (P = 0.005) compared to those in the nonadenoma group. Additionally, the subjects in the adenoma group consumed more alcohol (P \< 0.001). However, no significant differences in exercise were noted between the 2 groups. With regard to laboratory tests, serum levels of γ-GT, TG, and HbA1c (P \< 0.001, P \< 0.001, and P = 0.002, respectively) were higher and HDL-C (P = 0.001) was lower in the adenoma group. However, the other variables on laboratory tests were not significantly different between the two groups. The study subjects who had a CRA showed the following characteristics: number (single vs. multiple: 60.0% vs. 40.0%); size (small vs. large: 85.0% vs. 15.0%); anatomical site (right-sided vs. left-sided vs. both-sided: 39.3% vs. 41.7% vs. 19.0%); histologic type (tubular vs. tubulovillous vs. villous: 92.0% vs. 7.0% vs. 1.0%) ([Table 2](#T2){ref-type="table"}).

Smoking-related characteristics between the 2 groups
----------------------------------------------------

Of the total 1,129 subjects 472 (41.8%) had never smoker, 368 (32.6%) were former smokers, and 289 (25.6%) were current smoker. Total smoking amount, cigarettes smoked per day, and smoking duration in current smokers and former smokers were 10.1 ± 12.6 pack-year, 0.48 ± 0.50 cigarettes/day, and 20.0 ± 9.1 years, respectively. The subjects not exposed to ETS in the workplace were 580 (51.4%) and those exposed to ETS were 549 (48.6%). The subjects exposed to ETS in the workplace were subdivided into 2 categories: those exposed \<1 hour (399 of 549, 72.7%) and those exposed ≥1 hour (150 of 549, 27.3%).

[Table 3](#T3){ref-type="table"} shows a comparison of the smoking characteristics between the 2 groups (nonadenoma group vs. adenoma group). When compared to the subjects with CRAs, the nonadenoma group had a lower amount of cumulative smoking (16.0 ± 10.8 pack-year vs. 20.5 ± 13.9 pack-year, P \< 0.001), a higher proportion of those who had never smoked (45.1% vs. 32.7%, P = 0.001), and shorter durations of smoking (18.8 ± 8.8 years vs. 22.8 ± 9.3 years, P \< 0.001) and exposure to ETS (46.9% vs. 53.5%, P = 0.002). However, no significant differences in cigarettes smoked per day (former and current smokers, P = 0.196) and in duration since quitting smoking (former smoker, P = 0.781) were noted.

Relationship between ETS exposure and CRA in the subjects
---------------------------------------------------------

[Table 4](#T4){ref-type="table"} presents the relationship between exposure to ETS in the workplace and the risk of developing a CRA overall and by subset (smoking status). Exposure to ETS in the workplace for longer than 1 hour was associated with a higher risk of developing a CRA (OR, 1.95; 95% CI, 1.33--2.85; P = 0.001). The association remained statistically significant even after the data had been fully adjusted (OR, 1.62; 95% CI, 1.08--2.44; P = 0.021). The risk of developing an adenoma was significantly correlated with increased duration of exposure to ETS (P for trend = 0.002 for the unadjusted model, 0.011 for model 1, and 0.046 for model 2). We performed subgroup analyses to evaluate whether the risk for developing a CRA associated with the duration of exposure to ETS varied by smoking status. Among former smokers, the risk for developing a CRA was significantly correlated with increased duration of exposure to ETS (P for trend = 0.001 for the unadjusted model, \<0.001 for model 1, and \<0.001 for model 2). After the data had been fully adjusted (model 2), the former smokers with daily exposures to ETS of longer than 1 hour had significantly higher risks for developing a CRA than those who had never been exposed to ETS (OR, 4.44; 95% CI, 2.07--9.51; P \< 0.001). However, this difference was not observed between subjects who had never smoked and those who were current smokers.

DISCUSSION
==========

This study was designed to investigate the association between exposure to occupational ETS and the risk for developing a CRA. In order to minimize their influence on the analyses done in this study, we used specific criteria to exclude subjects with known or suspected risk factors affecting the incidence of and the detection rate for a CRA, including family history, underlying disease, use of a few medications, and quality of bowel preparation for colonoscopy. Our study showed that the risk for developing a CRA was associated with exposure to ETS in the workplace. Our results also indicated that the duration of exposure to ETS had a significant, positive relationship with the risk for developing a CRA, especially for former smokers.

Exposure to ETS, also known as secondhand or passive smoke, is an involuntary exposure of subjects to tobacco smoke \[[@B24][@B25]\]. ETS significantly contributes to morbidity and mortality in children and adults. In 1993, the American EPA (environmental protection agency) report classified ETS as a Group A carcinogen, a designation for sufficient evidence that the substance causes cancer in humans \[[@B26]\]. A CRA is known to be precursor lesion for CRC; it can develop into CRC mostly through an adenoma-carcinoma sequence. The results of the present study correspond with the results of earlier studies that reported a significant positive correlation between exposure to occupational ETS and the risk for developing CRC \[[@B20][@B27][@B28]\]. Previously, Gerhardsson de Verdier et al. \[[@B27]\] reported that occupational exposure to passive smoke was associated with significantly increased risk for developing colon cancer. Slattery et al. \[[@B28]\], in a case-control study, also demonstrated that exposure to ETS increased the risk for developing CRC even after the data had been adjusted for confounding factors, although the investigators focused only on the rectum. Some studies, in contrast, showed that ETS exposure at home and in the workplace had no effect on the risk for developing invasive colorectal neoplasms \[[@B14][@B19]\]. The discrepancies in these findings may have stemmed from the limitations of the studies such as inadequate adjustment for confounding variables (e.g., adjustments for only age and for the residual effect of active smoking by including those who had always smoked), lack of consideration for the recency of ETS exposure, and classification of the exposure as a simple dichotomous variable (never vs. chronically exposed) without considering the duration of exposure. However, some inconclusive evidence has suggested that exposure to ETS might influence the risk of for developing a CRA or CRC \[[@B14][@B19][@B20][@B27][@B28][@B29]\]. This observation was also in line with studies on the effects of active smoking on the risk for developing a CRA. However, caution is required in extrapolating the results for the association between active smoking and the risk for developing a CRA or between exposure to ETS and the risk for developing CRC. Hence, further large-scale studies directly focusing on the relationship between exposure to ETS and the CRA risk are necessary to clarify our study results.

We also investigated the effect of exposure to ETS among current and former smokers, as well as those who had never smoked, and found that the relationship between exposure to ETS and the risk for developing a CRA was observed only in former smoker, not in those who had never smoked and and not in current smokers. The effect of exposure to ETS was present under the residual effect of previous smoking, but not under the residual effect of having never smoked. This phenomenon was inconsistent with the findings of other studies that evaluated the relationship between passive smoking and the risk for developing cancer of the pancreas \[[@B30]\] and the respiratory tract \[[@B31]\]. Moreover, our results showed that the dose-response relationship between exposure to ETS and the risk for developing a CRA was not present in current smokers. This is plausible in that the effect of exposure to ETS may be minimized by the overwhelming effect of current active-smoking.

Our data indicate the effect of exposure to ETS in the workplace on the risk for developing colorectal adenomatous polyps. Exposure to ETS is a serious public health issue because it has diverse adverse health effects, including malignancy (lung, pancreas, breast) \[[@B30][@B31][@B32][@B33]\], cardiovascular disease \[[@B34]\], osteoporosis \[[@B23]\], and exacerbation of asthma \[[@B35]\]. Exposure to ETS at work is increasingly becoming a more important public health issue than exposure to ETS at home because exposure to ETS in the workplace can be restricted by legislation. In reality, many investigators have already reported a decline in the incidence of ETS-related diseases upon implementation of legislation requiring public places to be smoke free \[[@B36]\]. The findings of the present study indicate yet another detrimental effect of exposure to ETS in the workplace, which could serve as additional scientific support for smoke-free legislation and policies.

The results of our investigation were supported by various mechanisms for the relationship between cigarette smoking, developing a CRA and developing CRC. Firstly, cigarette smoking leads to CRCs through genetic changes. The adenomatous polyposis coli (APC), one of the tumor suppressor genes, has a gatekeeper function in the colonic mucosa \[[@B37]\]. Mutations to the APC tumor suppressor gene constitute an important initiating factor in the early stages of the adenoma-carcinoma sequence. Secondly, tobacco smoking is related to colorectal carcinogenesis, which is affected by the carcinogens formed during the burning of tobacco, including polynuclear aromatic hydrocarbons, nitrosamines, and aromatic amines \[[@B38]\]. Nicotine and its metabolite, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), are the most characteristic components of tobacco for smoking-related malignancies. Nicotine and NNK have been shown to induce CRC growth and even to enhance the migration of cancer cells \[[@B37]\]. These mechanisms could be applied to the formation of a CRA due to exposure to ETS. Although the concentrations of carcinogens from exposure to ETS are relatively low when compared with those from active smoking, prolonged exposure may lead to a considerable accumulation of carcinogens. Additionally, we should not overlook the role of exposure to ETS because several carcinogens are present at higher levels in side-stream stroke than in main-stream smoke \[[@B39]\].

The current study has several limitations. Firstly, we were unable to do analyses based on different measures of exposure to passive smoking. We did not have sufficient information on the duration of exposure, the types of cigarettes smoked, and the places of exposure. Moreover, the result of this study may be due to exposure misclassification because individual exposure to ETS is influenced by many factors, such as space volume, ventilation, and actual time spent in tobacco smoke, that are difficult to measure accurately. Secondly, the use of self-reported questionnaires rather than personal interviews may have affected the reliability of the data. However, random re-evaluation of questionnaire responses by physicians at later consultation sessions alleviated the error in the data collection processes. Thirdly, lack of information on other confounding variables (dietary intake of fruits, vegetables, and meats) related to the risk for developing a CRA was another limitation in this study. Lastly, this study was conducted at one center, and the study population consisted of only ethnic Asians, which may have caused selection bias. Therefore, future studies will be necessary to determine whether the results of this study can be replicated in other racial populations. Despite these limitations, our study had the strength of being one of the first studies to investigate the relationship between exposure to ETS in the workplace and the risk for developing a CRA. Additionally, we confined the study subjects to those with a first-time diagnosis of a CRA. Thus, our study did not include those who previously had had a CRA removed and had undergone a procedure such as a polypectomy and/or cold biopsy and/or endoscopic submucosal dissection. Additionally, we accounted for other potential confounding factors that might affect the risk for developing a CRA (e.g., use of NSAIDs and aspirin, HRT for females, and vitamin D intake).

In conclusion, occupational exposure to ETS was found to be associated with an increased risk for developing a CRA, especially in former smokers. Thus, a more intensive surveillance of colorectal adenomatous polyps and neoplasms, for example, by using colonoscopy or barium study of the large intestine, should be emphasized in this population of individuals. Additionally, our investigation supports the benefits of smoke-free laws to diminish exposure to ETS in the workplace. For clarification of the causal relationship between exposure to ETS in the workplace and the risk for developing a CRA, further large-sample-size retrospective studies that consider the intensity and the duration of exposure to ETS in the workplace, as well as the effect of exposure to ETS at locations other than workplace, are required.
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###### Baseline characteristics between the two groups (nonadenoma group vs. adenoma group)
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Values are presented as mean ± standard deviation or number (%).

BMI, body mass index; MET, metabolic equivalent of task; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GT, gamma-glutamyl transferase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA~1c~, glycated hemoglobin.

^a^P-values were calculated by using the independent t-test for continuous variables and Pearson chi-square test for categorical variables.

###### Clinicopathologic characteristics of colorectal adenomas in the adenoma group

![](ac-32-51-i002)

Values are presented as number (%).

CRA, colorectal adenoma.

^a^Single (one CRA) vs. multiple (more than one CRA). ^b^Small (\<1 cm) vs. large (≥1 cm). ^c^Right-sided (cecum, ascending, and transverse colon) vs. left-sided (descending and sigmoid colon, and rectum) vs. both-sided (both right-sided and left-sided CRAs). ^d^Histologic types of all CRAs were confirmed by using histopathologic evaluations and were classified as tubular vs. tubulovillous vs. villous.

###### Comparison of smoking characteristics between the 2 groups

![](ac-32-51-i003)

Values are presented as number (%) or mean ± standard deviation.

ETS, environmental tobacco smoke.

^a^P-values were calculated by using the independent t-test for continuous variables and Pearson chi-square test for categorical variables. ^b^Never plus former plus current smoker. ^c^Former plus current smoker. ^d^Former smoker.

###### Risk of colorectal adenomas according to smoking status and daily time of exposure to occupational environmental tobacco smoke

![](ac-32-51-i004)

Values are presented as odds ratio (95% confidence interval).

Odd ratios with 95% confidential intervals were calculated by using a multivariable logistic regression analysis.

Model 1, adjusted for age and sex; model 2, adjusted for model 1 plus body mass index, exercise, alcohol, pack/yr smoked, glycated hemoglobin, triglyceride, and high-density lipoprotein cholesterol; ETS, environmental tobacco smoke.
